• Hemispheric blood flow (HBF) and metabolism were studied in 46 patients with various types and stages of ischemic cerebrovascular disease and were found to be abnormal in all patients, including those with transient ischemic attacks. Bilateral depression of HBF and metabolism was observed in association with acute unilateral cerebral infarction. Hemispheric respiratory quotient (HRQ) was higher in the ischemic hemisphere than in the healthy side. The degree of elevation of HRQ on the diseased side correlated well with the acuteness of infarction, increasing age of the patients, and the severity of the neurological deficit. However, the HRQ in the healthy hemisphere was lower than unity, which suggests that substances other than glucose were being metabolized. The high hemispheric glucose:oxygen ratio (HG:O) correlated well with the severity of infarction and the age of the patient. Patients with brain stem ischemia had the lowest HBF values, suggesting that central neurogenic vasomotor control had been impaired or that diaschisis was greater in those with brain stem lesions than in patients with other types of lesions. A significant uptake of /3-hydroxybutyrate was observed in both the healthy and diseased hemispheres but was highest in the healthy side. Evidence for abnormal cerebral metabolic patterns, such as anaerobic glycolysis, in patients with cerebrovascular disease, and oxidation of nonglucose substances such as y3-hydroxybutyrate, are discussed.
• Since the development of methods for measuring regional cerebral blood flow (rCBF) using intracarotid injection of radioisotopes, considerable information has been accumulated concerning abnormalities of rCBF in patients with cerebrovascular disease. These include impaired vasomotor capacitance to There were 22 males and 24 females ranging in age from 44 to 83 years with a mean of 67 years. Thirty-four patients had acute unilateral cerebral infarction of 31 days or less, three had chronic unilateral hemispheric infarction of longer than 31 days, two had transient ischemic attacks referable to one hemisphere (transient ischemic attacks with hemispheric symptoms), three had bilateral cerebral infarction of two to six months' duration (chronic bilateral cerebral infarction), three had chronic brain stem infarction, and one had transient ischemic attacks referable to the vertebrobasilar system (tables 1 and 2).
The clinical course and severity of the attack were arbitrarily classified according to severity into grades 1 through 4, as follows. 4 Grade 1-transient ischemic attacks. The duration of localized neurological deficit did not exceed 24 hours and recovery was complete.
Grade 2-reversible ischemic neurological deficit. The neurological deficit, consisting of hemiparesis, monoparesis, or dysphasia, persisted longer than in the group with transient ischemic attacks and recovery was virtually complete within three weeks.
Grade 3-presumed cerebral infarction with moderate residual disability. Recovery was steadi-ly progressive, but moderate residual disability persisted after three weeks.
Grade 4-presumed cerebral infarction with severe neurological deficit. A severe neurological deficit persisted after three weeks with little or no evidence of recovery.
There were three patients in grade 1, nine patients in grade 2, 18 patients in grade 3, and 16 patients in grade 4.
Angiography was performed in 91% of the patients, and 57% were found to have marked stenosis or occlusion of the extracranial or intracranial portions of the major cerebral arteries. For the purpose of this study, kinking and tortuosity of vessels were not considered abnormal. Seventy-two percent had associated hypertension or diabetes or both which were controlled with therapy prior to the measurements of blood flow and metabolism.
Premedication consisted of intramuscular injection of meperidine hydrochloride (Demerol®), 50 mg, and atropine sulfate, 0.4 mg. Local anesthesia was induced at all sites of needle puncture by infiltration with 1 % procaine hydrochloride. Catheters were placed, under fluoroscopic control, into each cerebral transverse sinus via the basilic veins. 5 One of these catheters had a double lumen in order to permit simultaneous monitoring of intracerebral venous pressure. Additional catheters were inserted into the femoral or brachial arteries to sample arterial blood and to record the arterial blood pressure, and in some patients catheters were inserted into the lumbar subarachnoid space to monitor cerebrospinal fluid pressure (CSFP). Arterial blood pressure (MABP), intracerebral venous pressure (ICVP), central venous pressure (CVP), and CSFP were measured with Statham pressure transducers.
A bolus of 7 to 10 ml of hydrogen-saturated saline was injected into each carotid artery, and HBF was calculated from the clearance curves of hydrogen in each transverse sinus.
1 -a Arterial and cerebral venous P 02 , Pco 2 > an d pH were monitored by means of electrodes mounted in flowthrough cuvettes, and oxygen saturation (SO 2 ) was monitored with reflection oximeters. 7 An infrared absorption CO 2 gas analyzer was used to measure arterial and cerebral venous CO-2 content. 8 Arterial and cerebral venous glucose levels were measured by means of the Technicon AutoAnalyzer.
0
In 13 patients, /J-hydroxybutyrate was measured in the arterial and cerebral venous blood using a modification of the enzymatic method of Williamson et al. 10 and Antonis et al. 11 adapted for the Technicon AutoAnalyzer. Deproteinization of the samples was replaced by dialysis so that complete automation was possible. 2.15 ± 0.38 (3) 2.47 ± 1.29 (2) 3.10 ± 0.28 (2) 3.97 ± 1.92
2.21 ± 0.88 0.98 ± 0.13 HBF = cerebral hemispheric blood flow (ml/100 gm brain/min), HMI0 o =: cerebral hemispheric metabolic index for oxygen (ml/100 gm brain/min), HMICO 2 = cerebral hemispheric metabolic index for carbon dioxide (ml/100 gm brain/min), HMIGI = cerebral hemispheric metabolic index for J glucose (mg/100 gm brain/min), HG:O = cerebral hemispheric index for glucose:oxygen utilization ratio (mg/ml), HRQ = cerebral hemispheric index *" for respiratory quotient.
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diluted with tris buffer (pH 8.5, 0.6 ml/min). The samples were separated by air bubbles (0.6 ml/min) and pumped through the dialyzer, and /3-hydroxybutyrate in the sampling line was dialyzed through cellophane membranes into the tris buffer running through the opposite line in the dialyzer. The dialysand was mixed with an enzyme solution (pH 8.5, 0.6 ml/min) containing /3-hydroxybutyrate dehydrogenase, a ketone-trapping agent (hydrazine), and nicotinamide adenine dinucleotide (NAD). The resulting solution was propelled via a reaction coil (25° C) so that y3-hydroxybutyrate was oxidized to acetate by coupling of reduction of NAD to NADH by /3-hydroxybutyrate dehydrogenase. Hemispheric metabolic index for oxygen (HMIOo), hemispheric metabolic index for carbon dioxide (HMIC0 2 ), hemispheric metabolic index for glucose (HMIG1), hemispheric glucose:oxygen utilization ratio (HG:0), and hemispheric respiratory quotient (HRQ) were calculated using formulas reported previously. 1 In cases in which a single carotid puncture was performed, calculations were based on HBF and the concentration difference between arterial and ipsilateral transverse sinus blood.
Results

HEMISPHERIC BLOOD FLOW AND METABOLIC INDEXES CORRELATED WITH TYPE OF ISCHEMIC CEREBROVASCULAR DISEASE
The 46 patients with cerebrovascular disease were divided according to the diagnosis into five groups (tables 1 and 2). As shown in table 2, HBF, HMIO 2 , HMICO 2 , and HMIG1 in both hemispheres were reduced in all groups. HBF and metabolism were decreased in the healthy hemisphere to almost the same degree as in the diseased side. This phenomenon of 146 bilateral depression in both HBF and metabolism following unilateral cerebral infarction in man is believed to be a manifestation of diaschisis.
14 " 10 Nevertheless, in patients with acute unilateral cerebral infarction, HBF and HMIG1 in the infarcted hemisphere were significantly lower than on the healthy side.
The lowest HBF values were in the group with brain stem ischemia. Although three out of four patients in this group had a history of chronic bilateral cerebral infarction in addition, the HBF values were lower than in the group with chronic bilateral cerebral infarction without brain stem ischemia. This suggests that the central autonomic centers in the brain stem controlling cerebral blood flow had been destroyed 17 or that diaschisis is greater with brain stem lesions than with hemispheric lesions.
The HG:O ratio and HRQ also were calculated to evaluate the degree of anaerobic glycolysis and possible oxidation of substances other than glucose. Provided glucose only can be oxidized to CO-in the brain and that oxygen is used solely in the oxidation of glucose, the theoretical values for G:O ratio and RQ should be 1.34 mg/ml and 1.00, respectively.
18 '
10
The mean HG:O ratios for both hemispheres in patients with acute unilateral cerebral infarction not only were higher than the normal predicted values but also were higher than in the other four groups. The mean G:O ratio in those with chronic unilateral cerebral infarction and brain stem ischemia were lower than 1.34. This suggests that anaerobic glycolysis is characteristic of acute rather than chronic hemispheric infarction.
The mean HRQ values in all types of cerebral ischemia were lower than 1.00, ranging between 0.73 to 0.98. The HRQ in acute unilateral cerebral infarction was 0.80 in the healthy hemisphere and 0.92 in the diseased hemisphere, and the difference was statistically significant. Such results suggest that the ischemic brain oxidizes substances other than glucose, but the acutely infarcted hemisphere is less able to utilize nonglucose substrates for oxidation than the contralateral healthy hemisphere.
Measurements of blood gases, pH, and glucose in the cerebral venous blood revealed no differences between the healthy and diseased sides other than decreased CVP O ., on the diseased side in patients with acute unilateral cerebral infarction.
HEMISPHERIC BLOOD FLOW AND METABOLISM IN ACUTE UNILATERAL CEREBRAL INFARCTION AND ISCHEMIA
The majority of patients in this study had acute unilateral infarction (table 1) . The 34 patients with acute unilateral cerebral infarction and the two with hemispheric transient ischemic attacks were combined and analyzed according to length of illness, age, and severity of clinical symptoms. They were then subdivided according to the time interval that had elapsed from the onset of stroke to the time of measurement into three groups: one to seven days, 8 to 14 days, and 15 to 31 days. Mean HBF and HMI, age, and grade of severity of each group are shown in table 3.
HBF on the diseased side was significantly lower than that on the healthy side within seven days of onset, but HRQ on the diseased side was near unity (0.99 ± 0.20) and was significantly higher than that on the healthy side (0.83 ±0.18). This high HRQ on the diseased side decreased significantly between 15 to 31 days to 0.74 ±0.17. There were no statistically significant changes in HMIOo, HMICO-, HMIG1, and HG:O ratio during this interval. Mean MABP was 123 ± 15 mm Hg in the group in which duration of the illness was between 15 to 31 days, which was significantly higher than in the other two groups (107 ±16 mm Hg within seven days, 101 ± 17 mm Hg within 8 to 14 days). Other pressure measurements were not significantly different between the groups.
The progressive decrease in HRQ in the diseased hemisphere with the passage of time after the stroke indicates that glucose is preferentially utilized by the recently infarcted hemisphere, but after two to four weeks the brain recovering from ischemia is able to utilize nonglucose substrates.
THE INFLUENCE OF AGE ON THE METABOLISM OF ISCHEMIC BRAIN
The 36 patients with acute unilateral cerebral infarction and ischemia were subclassified according to age into three groups: under 61 years, 61 to 70 years, and over 70 years (table  4) . Blood flow in the healthy hemisphere of patients under 61 years was significantly higher than in the diseased side and also was Strok*, Vol. 3, March-April 7972 significantly higher than in the healthy hemisphere of patients in the older age groups.
Diaschisis was more evident in the older patients than in the younger ones. The higher HMIG1, HG:0, and HRQ in the diseased hemisphere in older patients suggests increased anaerobic glycolysis with reduced ability to oxidize nonglucose substrates.
Cerebral venous pressure in those 61 to 70 years of age was significantly lower than in the younger patients. Other pressure and blood gas measurements showed no differences between the groups except that arterial P co ., was lower in those under 60 years, and CVP 0 ., in the healthy hemisphere of the patients under 60 years was higher than in the older patients.
CORRELATION OF HEMISPHERIC BLOOD FLOW AND METABOLISM WITH SEVERITY OF NEUROLOGICAL DEFICIT
The mean HBF and HMI values correlated with severity of the neurological deficit are shown in table 5. HBF and glucose utilization by the healthy hemisphere of patients with grade 3 deficits were significantly higher than in the diseased hemisphere. The HG:O ratio of the infarcted hemisphere in grade 4 patients was significantly higher than that in grade 3 patients. The HRQ on the diseased side in grade 4 patients was near unity (0.98 ± 0.19) and was significantly higher than in the diseased hemisphere in grade 3 patients (0.82 ±0.19). The mean HRQ of the diseased hemisphere in grades 1 and 2 also was near unity (1.00 ±0.26) and also was significantly higher than in the healthy hemisphere.
The CSF pressure in grade 4 patients (206 ± 56 mm H 2 O) was significantly higher than in those with grades 1 and 2 (106 ± 24 mm H.O) and grade 3 (160 ±41 mm H 2 O) deficits. The intracranial venous pressure in grade 4 patients (102 ±32 mm H 2 O) was significantly higher than in those with grades 1 and 2 (71 ± 28 mm H 2 O) deficits. No differences in MABP and CVP were observed between the groups. There were no significant differences in blood gases, pH, and glucose values except that cerebral venous pH (CVpH) in the healthy hemisphere in grade 3 patients was significantly higher than the CVpH in the diseased hemisphere in the same group and in the healthy hemisphere in grade 4 patients. 
32.6 ± 3.6
2.31 ± 0.44 (10) 2.14 ± 0.50 (11) 1.69 ± 0.59 (9) 1.91 ± 0.55 (11) 3.54 ± 1.22 (10) 2.62 ± 0.99 (11) 1.55 ± 0.55 (10) 1.28 ± 0.60 (11) 072 ± 0.14 (9) 0.90 ± 0.23 (11) O HI *>. n s nni \J.\J£. 2* p ,> U.U 1 13 to 11 dayi 23 ± 6 (7) 66 ± 7 3.0 ± 1.0 32.8 ± 1.9 (7) 33.4 ± 2.2 (7) 1.89 ± 0.17 (5) 2.15 ± 0.23 (6) 1.64 ± 0.28 (5) 1.62 ± 0.47 (6) 3.12 ± 0.45 (5) 3.07 * 1.08 (5) 1.66 ± 0.30 (5) 1.44 ± 0.40 (5) 0.88 ±0.13 (5) 0.74 ±0.19 (6) T Abbreviations: refer to table 2. Numbers in parentheses indicate number of measurements.
In the group of patients with good neurological recovery (grades 1 and 2), HRQ was unity without elevation of the HG:O ratio, suggesting efficient oxidation of glucose with minimal anaerobic glycolysis. In the group that had moderate recovery from the neurological deficit (grade 3) both the HG:0 ratio and HRQ were decreased, which suggests that both glucose and nonglucose substrates were utilized for oxidation. In the group with severe persistent deficit, the HG:0 ratio was high but
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HRQ was near unity, indicating inefficient utilization of glucose by anaerobic glycolysis and inability to oxidize nonglucose substances.
CEREBRAL METABOLISM OF KETONE BODIES IN UNILATERAL CEREBRAL INFARCTION
Hemispheric /?-hydroxybutyrate consumption was determined in 13 patients with unilateral cerebral infarction. Six patients were diabetic, one had a history of alcoholism, and six had no systemic metabolic disorders. Individual and > col-')ign* r 33.8 ±^2.4 (15) 32.5 ± 3.4
2.20 ± 0.43 (12) 2.14 ± 0.37 (14) 1.76 ± 0.47 (11) 1.82 ± 0.46 (14) 3.23 ± 1.19 (12) 2.47 «»= 0.94 (14) 1-0.02 > (9) 176 ± 0.55 (10) p > 0.01 -0.78 ±0.16 (9) 0.05 > p > 0.02 0.98 db 0.25 (11) Abbreviations: refer to significantly higher in the healthy hemisphere than in the diseased side. As expected, the arterial concentration for /3-hydroxybutyrate in the group with diabetes and alcoholism was higher than in the group with no metabolic disorders.
The HMI for /3-hydroxybutyrate (HMI HB) was calculated and the results are shown 34.4 ± 4.9
(7)
34.2 ± 3.4 (9) 2.06 ± 0.26 (7) 1.94 ± 0.36 (9) 1.51 * 0.41
1.95 ± 0.50 (9) 2.94 ± 1.20 (7) 2.76 ± 0.83 (9) 1.42 =• = 0.52 (7) 1.47 ± 0.52 (9) 0.74 ± 0.17 (6) 0.05 > p > 0.02 1.00 ± 0.26 (9) (10) 32.1 ± 3.3 (10) 2.23 ± 0.38 (8) 1.99 ± 0.48 (9)
1.96 ± 0.48 (8) 1.93 ± 0.54 (9) 3.59 ± 0.93 (8) 3.30 ± 1.11 (8) 1.62 ± 0.35 (8) 1.85 ± 0.84 (8) > 0.02-0.88 ± 0.17 (8) 0.98 ± 0.19 (9) > 0.02- Arterial acetoacetate was measured in ten patients and the mean value was 0.27 ± 0.23 mg/dl. The arteriovenous differences were positive in four cases and negative in six cases, with no consistent measurable hemispheric uptake of acetoacetate on the diseased side.
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Utilization of ketone bodies by the human brain during the fasting state was reported by Owen et al. 20 and in patients with liver disease and cerebral arteriosclerosis by Gottstein et al.
- 1 The present studies indicate that /?-hydroxybutyrate is utilized by both hemispheres in patients with unilateral cerebral infarction without liver disease but that the infarcted hemisphere consumes less than the healthy hemisphere. Such findings provide I 2. 
•These A-V differences are significantly different from zero (0.02 > p> 0.001). tHealthy side value significantly higher than the diseased side value (0.005 > P > 0.001).
Arterial concentration = arterial concentration of y9-hydroxybutyrate (mg/dl), arteriovenous difference = cerebral arteriovenous difference for {}-hydroxybutyrate (mg/dl), HMI HB = hemispheric metabolic index for /J-hydroxybutyrate (mg/100 gm brain/min), mean ± S.D. = mean ± standard deviation, N.E. = not examined.
confirming evidence that HRQ in patients with cerebrovascular disease is higher on the diseased side because of its inability to utilize noncarbohydrate substrates.
Discussion
Measurement of HBF and metabolism in 46 patients with cerebrovascular disease revealed a reduction of these parameters in both the infarcted and noninfarcted hemispheres. Bilateral depression of HBF with decreased utilization of oxygen and glucose, with the greatest reduction being on the infarcted side, has been termed diaschisis and is believed to persist for about three weeks after the onset of stroke. 14 -10 Abnormal HG:O ratios and HRQ have been found in both hemispheres of patients with acute stroke. These metabolic abnormalities in the diseased hemisphere have been shown to vary with the acuteness and severity of the neurological deficit and the age of the patient; in other words, the more severe the deficit sustained and the older the patient, the greater is the increase in HG:O ratio and HRQ.
It is generally accepted that the principal source of energy in normal brain is oxidation of glucose via the tricarboxylic acid cycle. Himwich and Nahum 18 measured the blood gases of the superior longitudinal sinus and femoral artery in dogs and reported the RQ to be unity. Lennox 22 made measurements in epileptic patients and obtained an average RQ of 0.95. Similar results have been reported by other investigators in schizophrenic patients and normal subjects.-8 " 26 The RQ of the brain is calculated from "net" oxygen uptake and "net" carbon dioxide release of brain estimated from cerebral arteriovenous differences in these gases; hence, any condition which affects oxygen uptake and carbon dioxide release by the brain will alter regional cerebral RQ. The principal reaction that influences cerebral RQ is oxidation of glucose via the tricarboxylic acid cycle, but other chemical reactions that affect carbon dioxide release, such as decarboxylation without energy production, CO 2 fixation, and fatty acid synthesis, must be considered.
Reported HG:0 ratios in normal subjects have varied somewhat, but have been consistently higher than the theoretical value of 1.34 based on the assumption that oxygen is utilized solely for oxidation of glucose. Gibbs et al. 1 27 reported a low G:O ratio and low RQ in patients with presenile dementia, cerebral arteriosclerosis, uremia, and hepatic insufficiency. In some instances, these deviations from normal levels were reversed by infusion of glucose and insulin in patients with cerebral arteriosclerosis and diabetes 27 and inhalation of 100% oxygen in those with cerebrovascular disease.
0
Oxidation of nonglucose substances for energy production in brain has been a matter of debate but has never been proved in patients with cerebrovascular disease, although enhanced anaerobic glycolysis by ischemic brain is now generally accepted. Geiger 30 reported utilization of lipids and amino acids as well as synthesis of lipid from glucose by the perfused cat brain; but Paulson et al. 31 found no indications from measurements of arterial and cerebral venous differences for glycerol, nonesterified fatty acid, and triglycerides in patients with cerebral arteriosclerosis and diabetes mellitus that these substances were utilized by the brain.
Gottstein et al. infarcted hemisphere is less able to utilize /?-hydroxybutyrate than the noninfarcted hemisphere.
The low RQ noted in the healthy hemisphere in the present study may be explained as the remote effect of acute infarction of the opposite hemisphere (diaschisis) or the manifestation of a preexisting abnormality of both hemispheres due to diffuse ischemia. Sufficient data on HBF and metabolism of patients with cerebrovascular disease prior to stroke are not yet available to answer this question. Kety and Schmidt-" found that glucose is metabolized almost exclusively through the tricarboxylic acid cycle in normal young volunteers and that the RQ was close to unity. A low RQ of the brain as a whole has been reported in patients with uncomplicated essential hypertension 20 and in patients with liver disease and cerebral arteriosclerosis.- 7 On the other hand, Paulson et al.
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reported a normal RQ in middle-aged patients with cerebral arteriosclerosis and diabetes mellitus but without neurological deficit. Let us now consider explanations on why the RQ in a hemisphere with acute infarction should remain relatively closer to unity for several weeks than in the healthy hemisphere even though the reduction of blood flow and oxygen and glucose consumption is greatest in the infarcted hemisphere and there is clinical and electroencephalographical evidence of impaired energy production. This appears to be due to temporary inability of acutely infarcted brain to utilize substrates other than glucose such as /3-hydroxybutyrate, which was found to be better utilized by the healthy hemisphere. Hence, since both oxygen consumption and CO 2 production are reduced equally, the RQ remains near unity and will be unaffected by increased anaerobic glucose consumption with increased lactate production. This was noted in the infarcted hemisphere in which the G:O ratio was increased. In general, the more severe and acute the hemispheric infarction and the older the patient the more clearly this regional abnormality of metabolism was demonstrated.
In investigating the regional metabolic disorders in acutely infarcted brain, three general biochemical categories may be considered. 88 1. Impairment of supplies of substrates due to damage to the blood-brain barrier. This impaired function was known to have occurred Stroke, Vol. 3, March-April 7972 in the majority of patients with acute infarction in the present study since brain scans of the infarcted hemisphere were abnormal. This damage would impair active transport between blood and brain tissue and cause a reduction of available cytoplasmic substrate to the mitochondria.
2. Impairment of the metabolic pathways themselves at the mitochondrial level due to reduction or loss of enzymes and coenzymes. Mitochondria are known to be susceptible to anoxia, and the enzymes for the tricarboxylic acid cycle are known to be located in the mitochondria. In acute cerebral infarction, creatine phosphokinase is known to be elevated in the CSF. 84 Selective loss of dehydrogenases and NAD has been reported in ischemic brain.™' so 3. Utilization of unusual substrates such as ketone bodies, fatty acids and amino acids. /3-Hydroxybutyrate was less well utilized in the acutely infarcted brain than in ischemic or normal brain. Evidence for fatty acid utilization by abnormal brain has already been reported, 28 and the participation of enzymes in this process has been demonstrated. 86 Oxidation of amino acids by the brain is related to intermediate metabolism in the tricarboxylic acid cycle such as ketoglutarate and oxaloacetate. The brain has a higher concentration of free amino acids than blood plasma, and this gradient is preserved by energy metabolism. Evidence has been adduced that the permeability for brain tissue by glutamate is influenced by energy-giving metabolic processes. 87 Hypoxia of the brain interrupts the connection between the tricarboxylic acid cycle and amino acid metabolism with increased levels of yaminobutyric acid (GABA). 8 8 ' 3 0 On the other hand, glucose metabolism in hypoxic or ischemic brain is likely to be less severely affected than fatty acid and amino acid metabolism.
Meyer et al. 40 presented evidence for a Pasteur effect in patients with cerebral ischemia, and showed that production of lactate increased during brief periods of induced hypoxemia. The glycolytic enzymes of the human brain are said to function normally at no more than 10% of their potential activity. 41 Thus, increased lactate production from glucose is relatively more important during acute hypoxia than enhanced fatty acid and amino acid metabolism in supplying intermediates to the tricarboxylic acid cycle for energy production. It appears reasonable, therefore, to conclude that glucose is the main substrate for energy production in acutely ischemic or infarcted brain through both anaerobic and aerobic utilization; hence, HRQ would be highest in the acutely ischemic hemisphere, as shown by the present measurements. This assumption is supported by the fact that utilization of /9-hydroxybutyrate is lower in the acutely ischemic hemisphere than in the normal one. Ketone bodies are oxidized by means of the intramitochondrial enzyme system, which is particularly susceptible to hypoxia, and share the common enzymes for fatty acid oxidation.
Another factor which might partially account for the increased HRQ in the diseased hemisphere is decreased CO L . fixation by the brain. 42 It has been shown that about 10% of oxaloacetate produced by the brain is formed from COj fixation by pyruvate or phosphenol pyruvate. 43 The tricarboxylic acid cycle in the infarcted hemisphere is disturbed; then CO-2 fixation might decrease and release more COt han the relatively normal hemisphere, which would tend to elevate the RQ on the infarcted side. Furthermore, if glucose is converted into fatty acids, the RQ would increase since CO 2 is produced without oxygen utilization. Evidence to this effect is conflicting. Kosow et al. 44 reported decreased lipid biosynthesis from glucose in anoxic-ischemic rat brain 20 hours after infarction, but Yatsu and Moss 45 demonstrated a substantial increase in mitochondrial fatty acid elongation during recovery from anoxic ischemia. In the process of fatty acid elongation, CO^ is released and HRQ increases. 40 In summary, correlation of the clinical status with HRQ in patients with unilateral cerebral infarction in the present investigation showed HRQ values near unity in the acute stage correlated best within seven days of the stroke. The elevated HRQ also correlated with more severe neurological deficits in older patients in whom the prognosis was poor (tables 3, 4, 5). High HRQ values also were observed in the diseased hemispheres of patients with mild neurological deficit and a good prognosis, but HMIG1 and HG:O ratios were more nearly normal than in the group with severe deficit (table 5). The high RQ and metabolic pattern in these patients with mild 154 deficit and good prognosis indicates efficient utilization of glucose through the tricarboxylic acid cycle.
